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Renewed  interest  has  been  aroused  in  the  manner  in  which  the 
meningococcus  reaches  the  meninges  from  the  upper  respiratory 
mucous  membrane.  That  the  portal .of  entry  of  the  meningococ-' 
cus  into  the  body  is  the  mucosa  of .the  nasopharynx  is  generally 
admitted.  The point which has not been settled is whether the men- 
ingeal  invasion  is  lymphatic  or  hematogenous.  The  most  direct 
route  would  be  along  the  lymphatics  of  the  olfactory  filaments 
to the meninges of  the base  of the brain; but  no convilicing evidence 
has been brought forward for that mode of invasion. 
Westenhoeffer 1 conceived the idea that the meninges became infected from the 
sphenoidal sinuses; but later he abandoned that view.  z  Flexner  s noted that when 
meningocoeci were injected intraspinally into monkeys by lumbar puncture film 
preparations of the nasal mucosa  showed a small number of polymorphonuclear 
leucocytes believed to be derived from the inflamed  meninges, containing Gram- 
negative  diplococci  resembling  meningococci.  He  failed,  however,  to  recover 
meningococci  in cultures from the nasal  mucosa  of the inoculated animals,  but 
he nevertheless discussed the possibility  of a reverse process by which  the men- 
ingococcus might be carried through lymphatics to the meninges in man.  4  This 
possibility was  strengthened by the later observations on experimental polio- 
myelitis.  The virus of poliomyelitis differs from the meningococcus in having a 
far wider  range  of pathogenicity for the  monkey.  While  the  meningococcus 
must be injected in considerable  amounts directly into the subarachnoid space 
in monkeys in order to incite a fatal meningitis 3 and is entirely ineffective when 
1 Westenhoeffer,  Berl. klin.  Woch., 1905, xlii, 737. 
2 Westenhoeffer,  M., Berl. klin. Woch., 1906, xliii, 1267, 1313. 
s Flexner, S., J. Exp. Med.,  1907, ix, 142. 
4 The recovery of the organism  was later accomplished  in these laboratories 
from the nasal mucosa of monkeys which  had received injections of the living 
meningococci intraspinally. 
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applied to the nasal mucosa, the application  of small quantities of the virus of 
poliomyelitis to the latter is often followed by paralysis; 5 on  the other hand, 
large doses of the virus often fail to induce infection when injected directly into 
the blood.  6 
Up  to  the present  no  satisfactory solution of  the  problem  of the 
mode of infection in  epidemic meningitis has been  secured,  and no 
considerable  additions  to  our  knowledge  of  the  subject  have  been 
made  since  the  pandemic  of  1905-10.  The  appearance  of  the  dis- 
ease  among  the  Western  Armies  has  again  stimulated  interest  in 
the  problem.  Naturally  enough  this  interest  has  been  primarily 
derived from clinical observations, and efforts at a  better  therapeu- 
tic control of cases.  The newer observations indicate that the men- 
ingococcus is more frequently present  in  the  circulating blood  than 
has hitherto been supposed, and, especially, that a  condition of hema- 
togenous  infection  with  the  meningococcus  may  precede 7 any  de- 
monstrable  infection or inflammation of  the 
that it is less rare than has been believed for 
the  meningococcus  to  exist  independently 
ment. 8  The  changing  therapeutic  point  of 
meninges,  and,  finally, 
a  general infection with 
of  meningeal  involve- 
view brought about by 
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these experiences has  culminated in  the observations just published 
by  Herrick  9 and  others2 
The fact, now fairly established by studies carried  out  very early 
in  cases of  epidemic meningitis among our  recruits,  that  a  menin- 
gococcemia may precede an actual demonstrable meningococcus in- 
vasion of the subarachnoid space, has brought up the question whether 
the  condition  favored  or  hindered  the  development  under  these 
conditions of the meningitis itself.  In civil practice, where cases are 
not observed so early in the attack, it is exceptional to have to deal 
with symptoms referable to irritation of the meninges but in which 
meningococci are present in  the blood or even in  the cerebrospinal 
fluid, - without,  however,  being  attended  by  cellular  or  chemical 
changes  in  the  cerebrospinal  fluid  itself.  In  other  words,  under 
the latter circumstances the indications of inflammation are usually 
present in the meninges, calling for the intraspinal injection of serum. 
When,  however, it  happens  that  no  evidence of inflammation is  re- 
vealed by  the lumbar puncture,  the  question has  arisen as  to  the 
advisability  of  making  any  intraspinal  injections  of  the  serum 
whatsoever. 
The reasons for doubt in this instance are two: first, whether any 
therapeutic  benefit  will  follow;  and  second,  and  more  important, 
whether  the  aseptic  meningitis  set  up  by  the  antimeningococcic 
serum  may  favor  the  local  inflammatory attack  of  the  meningo- 
cocci.  The latter point has been raised by Herrick because of the 
experiments of Flexner and Amoss  1° on the promoting action of an 
aseptic meningitis induced by serum and other agents on infection 
in poliomyelitis; but it  disregards the important  consideration that 
such an  aseptic  inflammation is  only favoring  when a  non-immune 
serum  is  employed.  An  immune  antipoliomyelitic  serum  equally 
sets  up  an  aseptic inflammation, but it also prevents the infection's 
arising,  l°,n. There is  therefore  no  exact  analogy  to  be  found  be- 
1917, lx, 1192, abstracted  in J. Am. Med. Assn.,  1918, lxx, 498.  Baeslack, F. 
W., Bunce, A. H.,  Brunelle, G. C., Fleming, J.  S.,  Klugh, G. F.,  McLean, E. 
H., and Salomon,  A. V., J. Am. Meal. Assn., 1918, lxx, 684.  Baron and Dumont, 
Presse m~d.,  1917, xxv, 394. 
9  Herrick, W. W., Arch. Int. Med., 1918, xxi, 541. 
10 Flexner, S., and Amoss, H. L., J. Exp. Med., 1914, xx, 249. 
11 Flexner, S., and Arnoss, H. L., J. Exp. Med., 1917, xxv, 525. 608  MODE  OF INFECTION IN EPIDEMIC MENINGITIS 
tween these  experiments  on  poliomyelitis and the hypothetic prob- 
lem referred to in meningococcus infection in man. 
On  the  other hand,  the newer knowledge on meningococcus in- 
fection suggests that experiments be undertaken to determine whether 
an  aseptic  meningitis may  not  promote  the  passage  of  meningo- 
cocci from the blood into the meninges and thus  contribute to  the 
inciting of meningococcus inflammation.  The  monkey is the most 
suitable animal for these experiments. 
In the first place, the monkey can be given meningitis by an in- 
traspinal injection of a  suitable culture of the meningococcus.  The 
infection in this case runs a  mild or fatal course, depending on the 
virulence and  dose of  the  culture  employed.  From  the  meninges 
meningococci escape  into  the  general  circulation but  do  not  mul- 
tiply  and  are  quickly  suppressed  there.  When  the  cultures  are 
injected directly into the blood they do not appear in the meninges 
in  normal  monkeys  but  tend  soon  to  disappear;  a  meningitis 
does not arise under these circumstances. 
The preceding considerations led us  to  devise a  series  of experi- 
ments to determine the influence of an aseptic meningitis on the intra- 
venous  inoculation  of  cultures  of  virulent  meningococcus in mon- 
keys.  The aseptic inflammation was incited  by  (a)  normal  horse 
serum, (b)  normal salt solution, and (c) protargol.  The last chemi- 
cal  not only  induces  an  inflammation, but  it  paralyzes  phagocy- 
tosis as well, and because of that action intensifies the local action 
of the meningococcus.  TM 
EXPEP,  IMENTAL. 
The first experiment was arranged to determine the fact of the sur- 
vival of the meningococcus in the blood and whether it would pass 
into  the  cerebrospinal  fluid  of  a  normal  monkey.  Meningococci 
vary greatly,  as stated, in their initial power to set up  a  severe or 
fatal meningitis  in  monkeys on  intraspinal  injection.  3  When  the 
effect is too slight the virulence of some cultures can be heightened 
by passage through monkeys or guinea pigs.  All monkeys used were 
Macacus rhesus. 
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Intraspinal  Inoculation.--An  irregular  strain  of the  meningococcus,  tending 
toward  the  para  type,  was  passed  through  two  monkeys  by  intraspinal 
injection,  as  indicated  below,  when it  acquired  a  suitable  degree of virulence 
for  use.  A  sheep  serum  agar  slant  of  a  growth  14  hours  old  was  sus- 
pended in 2 cc. of isotonic salt solution.  Mar.  14,  1918, 4 p.m.  Monkey 1 re- 
ceived  the  entire suspension  intrasplnally,  by lumbar  puncture.  Mar.  15,  10 
a.m.  Animal  ill.  Lumbar  puncture,  1  cc.  of  cloudy  fluid  containing  poly- 
morphonuclear  cells  and  many  meningococci.  The  cocci  were  mostly  extra- 
cellular  and  of  typical morphology.  A  blood culture  taken  at  the  same  time 
was negative.  Mar.  16,  I1 a.m.  Animal very ill.  Lumbar puncture,  1 cc. of 
turbid  fluid.  Microscopic examination  showed  many pus  cells  and  numerous 
Gram-negative diplococci, many phagocyted.  Two drops of the fluid on sheep 
serum agar yielded abundant growth.  The animal may or may not have recov- 
ered, but as the purpose was to recover the meningococcus for subsequent inocu- 
lation  it  was  given 2  cc.  of antimeningococcic serum intraspinally.  Recovery 
followed. 
The culture obtained on Mar. 15 from the spinal fluid was transferred on Mar. 
17 to a tube of sheep serum dextrose agar and the growth suspended in the man- 
ner  described  and  injected  intraspinally  at  11.45  on  Mar.  18  into  Monkey 2. 
5.15  p.m.  Animal  ill.  Temperature  39.2°C.  Lumbar  puncture,  1.5  cc.  of 
turbid fluid under pressure.  Microscopically there were large numbers of men- 
ingococci and  pus  cells;  few cocci  had  been  phagocyted.  The  culture yielded 
abundant  growth.  Blood  culture  positive.  As  the  purpose  again  was  to  re- 
cover the culture, 2 cc. of antimeningococcic serum were injected.  The animal 
gradually recovered. 
A  third  suspension  of this  meningococcus was  prepared  in  the  manner  de- 
scribed and injected intraspinally into Monkey 3 on Mar.  20 at  12.10  p.m.  6 
hours  later  the  monkey was  very ill.  Lumbar  puncture  was  performed  and 
antimeningococcic serum  administered.  Blood culture  positive.  3  cc.  of tur- 
bid fluid were recovered by the lumbar puncture.  It contained large numbers of 
pus  cells  and  meningococci,  none  intracellular.  Mar.  21.  Lively.  Mar.  22. 
Completely recovered. 
It is  obvious  from the  brief  descriptions  given that  the  culture  of 
meningococcus quickly rose in virulence and set up severe symptoms 
in  shorter periods.  The  following experiments  were  made  with  this 
potent culture. 
Experiment  1.  Intravenous  Inoculation.--Mar.  22,  1918,  11  a.m.  Macavus 
rhesu3 given one-half of a  suspension of 18 hour growth of culture of meningo- 
coccus obtained from Monkey 3 intravenously.  5 p.m.  No symptoms.  5 cc. 
of blood withdrawn from vein.  3  cc.  faked and plated.  2 cc.  planted in dex- 
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Lumbar puncture yielded clear fluid  devoid of cocci or  cells.  Mar.  24.  No 
symptoms.  Lumbar  puncture,  no  fluid.  No  symptoms  subsequently  devel- 
oped.  Apr. 1.  Animal lively.  Apr. 2.  Found dead. 
Autopsy.--No  visceral changes;  no cause of death established.  Microscopic 
examination of the central nervous system showed no lesions of any kind.  The 
cause of death can only be conjectured.  Possibly it was due to delayed endo- 
toxin intoxication. 
This experiment confirms many previously made which  are  to  the 
effect that  an  intravenous  injection  of meningococci into  monkeys 
followed by  several lumbar  punctures  does  not  set  up a meningitis 
even when the culture is active on meningeal inoculation. 
In the next experiments the effects of aseptic meningitis were in- 
vestigated.  In  these  a  strain  of parameningococcus  recently  culti- 
vated from the blood of a  case of meningitis in man was  employed. 
It  was  first  tested  by  intraspinal  injection  into  a  Macacus  rhesus 
and proved virulent. 
Experiment 2.  Intravenous Inoculation Following Intraspinal Horse Serum 
Meningitis.--Mar.  24,  1918, 4 p.m.  Macacus rhesus received 2 co. of normal 
horse serum intraspinaUy.  Mar.  25,  10 a.m.  Suspension  of one-half of sheep 
serum dextrose agar slant culture in 10 co. of isotonic  salt solution injected in- 
travenously.  5 p.m.  0.5 co. of blood withdrawn from vein and placed in dex- 
trose broth  yielded a  growth  of meningococcus.  Mar.  26,  10  a.m.  Lumbar 
puncture, 0.5 co. of slightly turbid fluid containing 400 polymorphonuclear cells 
per c.mm.  No meningococci  on stained films prepared from centrifuged sedi- 
ment or in cultures.  5 p.m. same day.  5 cc. of blood taken, laked by addition 
of two parts of sterile distilled water, centrifuged, and residue smeared on plates. 
Innumerable colonies of meningococci appeared on the plates.  72 hours after the 
intravenous inoculation the animal was well; a blood culture was negative, and 
0.5 cc. of clear fluid obtained by lumbar puncture was  free of meningococci by 
microscopic  and culture test.  The monkey remained well. 
This experiment was repeated with the same result.  The  interval 
between  the  intraspinal  injections  of  horse  serum  and  the  intra- 
venous inoculations of the culture was, however, 40 hours.  1 cc. of 
blood withdrawn 96 hours after the intravenous injection  in dextrose 
broth yielded a  pure culture of meningococcus. 
Reference has  already been made  to  the  promoting  action  of  an 
intraspinal  injection of  normal  saline  solution  in  poliomyelitis.  As 
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serum it was used in the experiments with meningococcus merely to 
exclude any protective local action of large numbers of polymorphonu- 
clear leucocytes such as are brought into the meninges by horse serum. 
Experiment  3.  Intravenous  Inoculation  Following  Intraspinal  Saline  Solu- 
tion.--The culture of parameningococcus  had been passed through two monkeys 
and recovered from the circulating blood.  Apr. 23, 1918, 4 p.m.  Macacus rhesus 
received  2 cc. of isotonic  salt solution.  Apr. 25,  10 a.m.  (42 hours after intra- 
spinal  injection).  Injected intravenously one-half of a  16 hour growth of men- 
ingococcus on a sheep serum dextrose agar slant in 10 co. of isotonic saline solu- 
tion.  Apr.  26,  10 a.m.  Lumbar puncture,  1 cc. of clear fluid obtained.  Film 
preparations and culture from bottom of tube after long centrifugation  revealed 
no meningococci.  Blood culture of 5 cc. in blood dextrose  broth yielded heavy 
growth of meningococci.  Apr.  27,  10 a.m.  5 co. of blood withdrawn for cul- 
ture in dextrose broth yielded meningococci.  Lumbar puncture, 2 co. of slightly 
turbid  fluid  which  was  centrifuged  at  high speed.  Film  preparations  showed 
polymorphonuclear leucocytes  and few round cells but no meningococci.  1 co. 
of the fluid containing  the sediment  planted in dextrose blood broth showed no 
growth.  Apr.  29,  10  a.m.  Monkey active  and  lively.  Lumbar puncture, 
0.5  cc.  of slightly turbid  fluid.  No  meningococci were  f~und  on microscopic 
examination  and culture.  Blood culture,  5 cc. in dextrose broth negative. 
Protargol injected intraspinally  not only sets  up  an  inflammation 
of  the  meninges,  but  is  antiphagocytic in  its  action  against  men- 
ingococci.  Hence  it  was  employed  to  promote  an  intraspinal  in- 
fection by way of the blood stream. 
Experiment 4.  Intravenous Inoculation  Following Intraspinal Protargol.--Mar. 
21,  1918, 4 p.m.  Macacus  rhesus received  intraspinaUy  2 cc.  of a 0.5 per cent 
aqueous  dilution of protargol.  Mar. 22, 10.30 a.m.  Injected intravenously one- 
half of  a 16 hour slant  culture  on sheep  serum  dextrose  agar  of  the  virulent 
parameningococcus  in 10 cc. of isotonic salt solution.  5 p.m. Withdrew  5  cc. of 
blood,  which,  after  laking  with  sterile  distilled  water  and  centrifuging,  were 
plated  on blood  agar  and yielded a confluent growth of meningococcus.  Mar. 
23,  10  a.m.  Blood  culture,  5  cc.  plated  as  before  yielded  about 200 colonies 
of  meningococci.  Lumbar  puncture,  withdrew  0.5  cc.  of slightly turbid fluid. 
Microscopic  examination  of  film preparation  showed a few fragmented,  poorly 
staining  polymorphonuclear  cells and  debris  but  no meningococci.  Culture  in 
blood broth was negative.  Mar. 24.  Found dead. 
Autopsy.--Some congestion  of brain at the base.  Cultures  and film prepara- 
tions from meninges,  cortex,  lateral  ventricles,  and  base  showed  no  meningo- 
cocci or other  microorganisms.  Microscopic  sections  showed  slight  meningeal 
inflammation  as  indicated  by a  collection  of leucocytes  probably due  to  the 
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This  experiment  was  repeated  so  that  the  observations  extended 
over a  somewhat  longer period  of time.  Because of the early disap- 
pearance  of the  meningococci from  the  blood  after  injection  several 
intravenous  injections  of living meningococci were made  at intervals 
to prolong the period of the meningococcemia. 
Experiment  5.  Mzdtiple  Intravenous  Inoculations  Following Intraspinal  In- 
jection of Protargol.--Mar. 27, 1918, 4 p.m.  Macacus  rhesus injected intraspinally 
with  2  cc.  of 'a 0.5  per cent  aqueous  dilution  of protargol.  Mar.  28,  11  a.m. 
Injected intravenously with one-half of a  16 hour growth on sheep serum agar 
of a  virulent  parameningococcus.  3  p.m.  Blood culture positive;  total leuco- 
cytes  10,200.  Mar.  29,  11  a.m.  Blood  culture  positive;  lumbar  puncture 
yielded 2 cc'. of slightly turbid fluid containing fragmented cells but no meningo- 
cocci.  Cultures remained sterile.  Mar.  30,  11 a.m.  Lumbar puncture yielded 
2  cc.  of fluid;  no  meningococci found on  culture  or microscopic examination. 
Blood culture (5 cc.) positive; total leucocytes 7,600.  Mar. 31, 11 a.m.  Lumbar 
puncture,  0.5  cc.  of fluid; no meningococci found by culture or microscopic ex- 
amination.  Blood culture  (5 cc.)  positive.  Apr. 1, 11 a.m.  Lumbar puncture, 
3  cc.  of fluid.  No meningococci found by culture or microscopic examination. 
Blood culture (8 cc. ~  broth) negative. 
The  animal  never  showed any symptoms of meningitis  and  was  allowed  to 
rest 16 days to develop a  part!al immunity, for two purposes: first,  to ascertain 
whether  subsequent  injections  under  conditions  of  partial  immunity  would 
allow meningeal invasion by the clumping of the organisms (in vivo agglutination) 
as sometimes happens in dogs injected with living pneumococci;  1~ and second, to 
ascertain  whether the organisms introduced by spinal injection would be found 
in the blood stream in the highly active immune animal. 
Apr.  13.  Injected intravenously one-half of a  20 hour growth of paramen- 
ingococcus on slant serum agar in 10 cc. of isotonic salt solution.  Apr. 20.  In- 
jected intravenously three-quarters  of a  16 hour culture of  parameningococcus. 
Apr. 27.  Injected the entire culture.  The animal remained well.  Before injec- 
tion serum agglutinated the homologous parameningococcus completely in a dilu- 
tion of 1:1,200  and other parameningococci  in  1: 1,000.  May 2,  5 p.m.  In- 
jected intraspinally in 5 cc. of isotonic salt solution entire 8 hour growth of viru- 
lent  parameningococci  on  slant  serum  agar.  May  3,  11  a.m.  Total  white 
blood cells  24,200.  5 cc. of blood withdrawn for culture yielded meningococci. 
Lumbar puncture,  0.1  cc.  of slightly turbid fluid from which large numbers of 
meningococci were grown.  May 4,  11  a.m.  Growth obtained from  1.5  cc.  of 
blood withdrawn  for culture.  Total  white  blood cells  40,400.  Lumbar punc- 
ture, 2 cc. of turbid fluid from which cultures were positive.  Microscopic exami- 
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nation  showed numerous Gram-negative diplococci intracellular; few extracel- 
lular.  May 5.  Total white blood cells 12,400.  Blood  culture (5 cc.) negative. 
Lumbar  puncture,  3  cc. of slightly turbid  fluid containing many phagocyted 
Gram-negative  diplococci, none  extracelkflar. Cultures negative.  May  6. 
Total white blood cells 12,000.  Blood  culture (5 cc.) negative.  Lumbar punc- 
ture, 3 cc. of slightly turbid fluid.  Culture negative.  No organisms found on 
microscopic examination. 
In this  experiment the living virulent meningococci circulated in 
the blood for at least 72 hours during an aseptic inflammation of the 
meninges  without  passing  through  and  causing  meningitis.  The 
monkey was  actively immunized by intravenous injectiotls  so  that 
the serum agglutinated the meningococcus in a  dilution of 1: 1,200. 
The intraspinal injection of meningococci was followed by 'meningo- 
coccemia lasting 48 hours, showing that whereas the passage of these 
organisms  from  the  blood  to  the  cerebrospinal  fluid  could  not  be 
brought  about even under conditions promoting interchange, ready 
passage  in  the  opposite  direction  from the meninges to  the  blood 
was accomplished when antibodies were circulating in the blood. 
Experiments with Rabbits. 
Austrian  1. reports that he was able to observe localization of the 
meningococcus in  the  meninges  and  typical  fatal  meningitis  after 
intravenous injection in  three rabbits  out of twenty which had re- 
ceived a  previous intraspinal injection of normal rabbit  serum.  111_ 
the  rabbits  which  received  no  preparatory  intraspinal  injections 
localization did not occur. 
However, it is stated in his typical protocol that after the intra- 
spinal injection of normal rabbit  serum "injury of the cord caused 
twitching of the tail and spastic palsy of the left hind leg, and dyspnoea, 
coma and ataxia developed."  It is possible, therefore, that mechani- 
cal  rather  than  chemical injury  made possible  the  passage  of  the 
microorganisms from the blood to the spinal fluid.  In order to test 
the validity of this  view two  series of rabbits  were injected intra- 
spinally with normal rabbit serum.  In the first series great care was 
taken to avoid mechanical injury, to the cord, while in the second series 
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the needle  was introduced  so that  spastic paralysis  followed the pro- 
cedure.  The animals of both series subsequently received intravenous 
injections  of living meningococci. 
Series/.--Five rabbits  weighing about  2  kilos  received intraspinally  1.5  cc. 
of normal rabbit  serum.  Half an hour later  there were injected intravenously 
in 10 cc.  of saline solution the growths from two 16 hour cultures on slant serum 
agar  of a  virulent  irregular  meningococcus.  Rabbit  1  was  etherized  4  hours 
later,  No.  2 died in 6 hours, No. 3 was etherized at 8 hours, and Nos. 4 and 5 
at  24 hours.  Cultures  and film preparations  from the cord,  cortex, pons, base 
of brain, and heart's blood showed no meningococci. 
Series //.--Rabbit  6,  weight  2.2 "kilos, injected  intraspinally  with  1.5  cc.  of 
normal rabbit serum on Oct.  15,  1918, 3 p.m.  3.05  p.m.  Spastic; paralysis of 
both  hind  legs.  Oct.  16,  10  a.m.  No  paralysis.  Injected  intravenously,  in 
10 cc. of isotonic salt solution, the  16 hour growth from two serum agar slants 
of a  virulent irregular meningococcus.  4 p.m.  No symptoms.  Etherized and 
autopsied.  Lumbar  portion  of  cord  hemorrhagic.  Film  preparations  of  cord 
and base of brain showed polymorphonuclear leucocytes and a  few Gram-nega- 
tive diplococci, none on cortex.  Cultures from heart's blood and base of brain 
yielded irregular meningococci. 
Rabbit  7,  weight  2  kilos,  received  intraspinally  1.5  cc.  of  normal  rabbit 
serum  on  Oct.  15,  1918,  3  p.m.  3.30  p.m.  Spastic  paralysis  of  left  hind 
leg.  Oct.  16,  10  a.m.  Paralysis  persisted.  Injected  intravenously  in  10  cc. 
of isotonic salt solution 16 hour growth from two serum agar slants of a virulent 
irregular  meningococcus.  Oct.  17,  10  a.m.  Paralysis  persisted.  No  other 
symptoms.  Etherized. 
Autopsy.--Small  hemorrhage  ill  lumbar  portion  of cord.  The  blood vessels 
of the pia  and dura were  congested.  Spinal  fluid  was  turbid.  Film prepara- 
tions from spinal meninges, pons, and base of brain showed considerable number 
of polymorphonuclear leucocytes and  many  Gram-negative  extracellular  diplo- 
cocci.  Cultures from the spinal fluid,  base of brain, and pons yielded meningo- 
cocci, but the cultures from heart's blood were negative. 
These experiments  indicate  that  even under  the  conditions  of con- 
gestion  and  chemical  inflammation  the  meningococci  do  not  pass 
from the blood to the  spinal fluid in the rabbit  unless  a  break  in the 
continuity of the  tissues  occurs.  The  mechanical injury  allows  pas- 
sage  and  localization  of the  nleningococci.  The results  of the nega- 
tive  experiments  in  the  monkey  (Table  I)  correspond  to  those 
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TABLE  I. 
Results  of Intravenous  Injections  into  Monkeys  of Living  Virulent Meningococci 
Following Intraspinal  Injections  of Substances Producing 
Chemical Inflammation. 
1 
2 
3 
4 
5 
Date. 
1918 
far. 22 
"  25 
pr.  24 
"  24 
tar. 22 
"  28 
Previous intraspinal 
injection. 
None. 
2 cc. of normal horse 
serum. 
2 cc. of normal horse 
serum. 
2  cc. of isotonic salt 
solution. 
2  cc. of 0.5  per cent 
aqueous  suspen- 
sion of protargol. 
2  cc. of 0.5  per cent 
aqueous  suspen- 
sion of protargol. 
Intravenous injection. 
One-half  16  hr. 
growth on serum 
agar slant. 
~g  t~ 
Last posi- 
i tive blood 
culture 
obtained a 
24th hr. 
24th  " 
96th  " 
48th  " 
24th  " 
72nd  " 
Result. 
No  localization in 
meninges. 
,i  ic 
DISCUSSION. 
In  discussing  the  several  experiments  described  in  this  paper  it 
will be well first to formulate the problem which presented itself for 
solution and then the means at hand to be employed for the purpose. 
There  has  been no  convincing  finding  either in man or in experi- 
mental animals to show how the meningococcus reaches the meninges. 
Two  possibilities  are  obvious: lymphatic  and  hematogenous  exten- 
sion.  The first would carry the meningococci directly from the naso- 
pharynx to the base of the brain;  the other indirectly, by way of the 
general circulation,  to the subarachnoid  space. 
As long as cases of frank meningitis  only came under observation 
the  meningococci  were  usually  found  with  ease  in  the  turbid cere- 
brospinal  fluid  and  possibly also in  the  blood.  Flexner  3 showed in 
his  experiments  on  the  intraspinal  inoculation  of  meningococci  in 
monkeys  that  passage  of  the  organism  takes  place  from  the  sub- 
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meningococci in the circulating blood in cases of meningitis in man 
could not be taken to indicate one way or the other their relation to 
the meningeal infection. 
In  one  of  the  experiments  recorded here  (Experiment  5)  intra- 
spinal  injection  of  meningococci into  the actively immune monkey 
was  followed by  the  appearance  of  these  organisms  in  the  blood, 
where they persisted for 48  hours.  The serum at  this  time agglu- 
tinated the particular strain of meningococci in a dilution of 1 : 1,200. 
This indicates that passage is  far more easily accomplished by the 
meningococci in  one  direction,  from the  spinal  fluid  to  the  blood, 
than in the opposite direction, blood to spinal fluid. 
The  study of very early cases of infection in  military establish- 
ments has thrown new light on the mechanism of meningococcus in- 
fection.  For leaving aside the rare cases of meningococcemia with- 
out meningeal localization,  it  appeared that  not infrequently cases 
would come under observation said to show no inflammatory changes 
in the meninges, as determined by a study of the spinal fluid, but with 
severe general symptoms of infection (including subcutaneous hem- 
orrhages) in which meningococci were cultivable from the circulating 
blood.  If  these  cases  were not  promptly  treated  and  arrested  by 
specific serum therapy,  a  meningitis is  stated  soon  to  develop.  It 
may be  that  the presence of the meningococcus in  the blood  pre- 
cedes  their  occurrence in  the  meninges  or  that  the  organism,  on 
entering the  cranial  cavity and  the  blood  simultaneously, is  more 
readily  recovered from  the blood stream, or lastly that it is estab- 
lished in the upper portions of the central nervous system and over- 
flows into  the blood stream before evidences appear in the spinal fluid 
withdrawn at the remote and lower parts of the central nervous system. 
In endeavoring to find a  solution of the problem presented by ex- 
periments  t.wo points  were  kept  in  mind:  first,  that  of  a  possible 
primary blood infection; and second, a promoting effect of the intra- 
spinal injection of a serum on the localizations of the meningococcus 
in the meninges. 
I 
As regards the possibility of obtaining a  decisive result by experi- 
ments on monkeys, the first point  to  be  taken into  account is  the 
relative insusceptibility of the monkey to infection with the meningo- 
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whether,  after  an intraspinal injection, in which a  fatal meningitis 
is set up, any actual multiplication of the microorganism takes place. 
He  thinks it  not impossible that  from  the  beginning the  injected 
micrococci  are  killed  off,  and  the  final  fatal  effect  is  caused  by 
intoxication. 
There can therefore be no very close analogy between the condi- 
tions experimentally induced and those existing in man when men- 
ingococcus infection arises.  The experiments presented, however, are 
entirely clear on one point; namely, that in the monkey the meningo- 
coccus cannot be made to pass from the circulating blood, in which 
it is proved still to be surviving, to the aseptically inflamed meninges 
in such a way as to be detected there either by microscopic examina- 
tion or in cultures.  In other words, as far  as  the  monkey is  con- 
cerned  the  production of  an  aseptic  meningitis is  wholly without 
effect on the fate of meningococci injected into the blood stream. 
The experiments are  therefore in  strong contrast to  those made 
with the poliomyelific virus, just as the great  activity of the polio- 
myelitic virus whelx implanted on  the  nasal mucosa is  in  striking 
contrast to  the ilmocuousness of the meningococcus applied to  the 
same membrane.  The experiments described in this paper emphasize, 
therefore, the unsuitability of the lower monkeys to solve the prob- 
lem of the mode of meningococcus infections in man.  And as far as 
they go they tend to show that an aseptic meningitis does not pre- 
dispose the meninges to  infection from the blood stream.  Since in 
man the serum injected intraspinally is not normal but immune it 
can be presumed that the increased permeability of the meninges and 
choroid plexus induced by the chemical inflammation set up would be 
more  than  offset  by  the  immunity principles introduced into the 
subarachnoid space along with the serum. 
COBICLIISIONS. 
The lower monkeys as  represented  by Macacus  rhesus are resis- 
tant to a high degree to infection with cultures of the meningococcus 
•  introduced into the general blood. 
The lower monkeys are less resistant to infection when the menin- 
gococcus cultures are injected directly into the subarachnoid space by 
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Relatively virulent cultures, which have been passed through sev- 
eral monkeys, acquire the power of surviving in the circulating blood 
of the monkeys for a maximum period of about 72 hours.  Nothing 
has, however, been observed to indicate that the injected meningococci 
actually multiply in the blood. 
It has not been found possible to  direct the meningococci circu- 
lating in the blood into the cerebrospinal meninges of monkeys.  In 
this  effort  an  aseptic  meningitis  was  induced  by  injecting  horse 
serum, saline solution, or protargol into the subarachnoid space pre- 
ceding the introduction of the meningococci into the blood. 
In rabbits the meningococci were able to pass into the spinal fluid 
from the blood when a physical break in the continuity was made; 
however,  under  the  conditions  of  chemical  inflammation  of  the 
meninges the rabbit reacted just as the monkeys, and the organisms 
did not pass. 
Because  of  the high insusceptibility of  the  monkey to  infection 
with meningococcus, it is not believed that the experiments throw any 
new  light  on  the  mode of  invasion  of  the  body  in  man  by  that 
microorganism. 
The experiments do not lend any support to  the notion that  an 
intraspinal injection of  the  antimeningococcus serum,  early  in  the 
course of invasion of meningococcus in man, and possibly at a period 
at which the meninges do not yet show evidences of inflammation, 
favors  its  diversion  from  the  blood  stream  into  the  subarachnoid 
space. 